Usefulness of video-EEG monitoring in children  by Riquet, Audrey et al.
Seizure 20 (2011) 18–22Usefulness of video-EEG monitoring in children
Audrey Riquet a, Marie-Dominique Lamblin b, Maria Bastos a, Christine Bulteau c,d,e,
Philippe Derambure b, Louis Valle´e a, Ste´phane Auvin c,f,*
a Pediatric Neurology, Lille University Hospital, Lille, France
bNeurophysiology, Lille University Hospital, Lille, France
cAPHP, Pediatric Neurology, Robert-Debre´ Hospital, Paris, France
d Pediatric Neurosurgery, Fondation Ophtalmologique A. de Rothschild, Paris, France
e INSERM U663, University Paris Descartes, Paris, France
f INSERM, U676, Paris, France
A R T I C L E I N F O
Article history:
Received 27 February 2010
Received in revised form 8 August 2010
Accepted 17 September 2010
Keywords:
Video-EEG monitoring
EEG
Children
Epilepsy
Paroxysmal disorder
A B S T R A C T
Video-EEG monitoring (v-EEG) was originally restricted to the evaluation for epilepsy surgery. It is now
widely available and often utilized to clarify the nature of paroxysmal events or to identify the epileptic
syndrome. It is important to deﬁne carefully the diagnostic value of this high-cost and time-consuming
procedure. Few data on children are available. In this study, we have evaluated the utility of this
procedure and the factors leading to a successful recording in children.We retrospectively reviewed 380
v-EEG done in 320 children. The rate of event detection was 59%. The v-EEG recorded a seizure in 40%
(n = 150), a non-epileptic event in 19% (n = 73), and both seizure and non-epileptic events in 3% (n = 11).
Only 9% remained without diagnosis after v-EEG. The frequency of the usual events was the only factor
contributing to a successful recording. This procedure conﬁrmed the diagnosis of epilepsy in 43% of
patients but excluded it in 25% of them. In children with epilepsy, the v-EEG allowed to deﬁne a new
syndrome (30% of patients) or to improve clinical description and to identify the origin of the seizures
(30%). The treatments were modiﬁed in 66% of patients following the v-EEG. Continuous video-EEG
monitoring is an efﬁcient and valuable procedure in the diagnosis and management of epilepsy and
paroxysmal disorders in children.
 2010 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at ScienceDirect
Seizure
journal homepage: www.e lsev ier .com/ locate /yse iz1. Introduction
Paroxysmal events are frequent in children and adolescents.
Epileptic disorders must be differentiated from other paroxysmal
events such as movement disorders or psychogenic seizures.1 The
routine scalp EEG is the most commonly diagnosis tool performed
in the evaluation of patients with presumed epileptic disorders.
The potential limitations of the routine EEG study have been
identiﬁed especially in the pediatric population. The routine EEG
recording is brief and records mainly interictal EEG changes.2
Video-EEG monitoring (v-EEG) is the diagnostic modality
permitting to distinguish epileptic from non-epileptic events
and plays a central role in the management of children with
epilepsy.3 v-EEG ﬁrst is now available in tertiary centers for
speciﬁc circumstances like the evaluation of patients for epilepsy
surgery. The current indications of v-EEG are the diagnosis of* Corresponding author at: Service de Neurologie Pe´diatrique et des Maladies
Me´taboliques, CHU Hoˆpital Robert Debre´ 48, boulevard Se´rurier, 75935 Paris Cedex
19, France. Tel.: +33 140 03 53 91; fax: +33 140 03 47 74.
E-mail address: auvin@invivo.edu (S. Auvin).
1059-1311/$ – see front matter  2010 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2010.09.011paroxysmal events, the identiﬁcation of seizure type and/or the
epileptic syndrome, the evaluation of intractable epilepsy and the
identiﬁcation of candidates for epilepsy surgery.3
However, it is important to deﬁne carefully the diagnostic value
of this high-cost and time-consuming procedure. Inmany respects,
pediatric v-EEG is similar to v-EEG in adults with several
exceptions.4–7 The most notable is the average length of stay.
Adolescents aside, many centers found that 1.2–1.5 days is the
average length of stay for children, whereas 3–4 days are more
typical in adults.3 Only two studies evaluate the utility of this
process in children. The ﬁrst study concludes that v-EEG is an
efﬁcient procedure to diagnose paroxysmal disorders in children.
Moreover, it is helpful for the patient management leading to a
modiﬁcation in 45% of them.5 More recently, Asano et al. draw
similar conclusions. They also suggest a longer duration (24 h) of
the monitoring because the procedure may fail to capture the
habitual episodes. They also conclude that v-EEG is helpful to
assign a speciﬁc diagnosis of epileptic syndrome according to the
International League Against Epilepsy (ILAE) classiﬁcation.4 Other
studies in children have been focused on some interests of the v-
EEG such as semiology of partial seizures6 or the study of non-
epileptic spells.7 Discontinuation of antiepileptic drug (AED)vier Ltd. All rights reserved.
Table 1
Usual frequency of the paroxysmal events thatwere investigated
by video-EEG (n=380) performed in our patients.
Frequency of events n (%)
Daily 175 (46)
>1/week 105 (28)
<1/week 34 (9)
<1/month 22 (6)
No movements recently 40 (10)
An unique event 4 (1)
[()TD$FIG]
Fig. 1. Rate of detection according to the usual frequency of the observed events.
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reduce time and cost associated with the v-EEG.8–10 Very few data
are available on the withdraw of AED in children that underwent
video-EEG monitoring.5
Here, we assess the clinical utility of v-EEG in children with a
particular interest to deﬁne the factors predicting that the usual
events would be recorded during the procedure.
2. Methods
We retrospectively reviewed the charts of 320 patients who
were admitted between January 1999 and September 2005 in our
tertiary center which is the only Child Neurology department for
an area of 4 million inhabitants (Lille and suburb). The population
of children was around 220,000. We excluded patients who
underwent video-EEG in intensive care unit at our institution.
The v-EEGwas performed in a dedicated roomwith camera and
microphone. Scalp electrodes were placed according to the
international 10–20 system. We did not use sphenoidal or
zygomatic electrodes. Scalp video-EEG recordings were obtained
using a Deltamed digital system (Deltamed Systems, France). At
least one parent stayed with the child during the recording. The
procedure was supervised throughout by a trained nurse. When
the usual events occurred, the parentswere asked to press a buzzer
to indicate the paroxysmal event. Patients were examined during
and after the seizures. The antiepileptic drugs (AED) were stopped
when it was adviced by the physician managing the video-EEG
procedure (MB and SA). The usual durations of v-EEG in our
department are 24 or 48 h. Only the patients in presurgical
evaluations have had a longer duration of recordings.
When the patient was referred by a neurologist or a child
neurologist of our geographic area, an appointment was given
directly. A ﬁrst evaluation by a physician of our department was
done when the recording was asked by a non-specialist.
Demographic, clinical, neuroimaging were analyzed as well as
the age of seizure onset, the frequency of the usual events, and the
previous routine EEG recordings. We evaluated the diagnosis and
the treatment before and after video-EEG recording.
To analyze the utility of the video-EEG recording in children, we
analyze if this procedure is helpful for both diagnosis and
management. We look at the rate of ‘change in diagnosis’ that
we deﬁned as a modiﬁcation of the epilepsy syndrome (ILAE
criteria) after the procedure. The deﬁnition of the origin of the
seizure in partial epilepsy was not considered as a modiﬁcation of
the diagnosis.
2.1. Statistical analysis
Patient data were recorded anonymously using Epi-Info
software (6.04 version, CDC, Atlanta, GA, USA). Statistical tests
were performed using SPSS software (11.0.1 version, LEAD
Technologies, Chicago, IL, USA). Percentages were rounded to
the nearest integer. Categorical variables were analyzed using
either the chi-square test or the Fisher exact test; p  0.05 was
considered statistically signiﬁcant.
3. Results
A total of 320 patients (52% male) underwent 380 v-EEG. The
mean age at time of video-EEG was 7.4-year-old (4-week-old to
18-year-old). Three patients were recorded in our department
despite they were older than 18-year-old (18-, 19- and 25-year-
old). These three patients are followed for epileptic encephalopa-
thy in our department. Thirty-seven percentage of patients had a
mental delay and 45% had two or more antiepileptic drugs. We
were able to capture the paroxysmal event in 188 patients (59%).The usual frequency of the paroxysmal event registered by v-
EEG is reported in Table 1. As reported by the caregivers, the usual
paroxysmal events occurred daily in 46% of the children and they
occurred weekly in 28%.
The v-EEG recorded a seizure in 40% (n = 150), a non-epileptic
event in 19% (n = 73), and both seizure and non-epileptic events in
3% (n = 11). When seizures were recorded, they occurred during
awakening in 50% of cases, during sleep in 25% or both in 25%. The
ﬁrst seizureswere recorded in 2/3 of cases during the ﬁrst 24 h. The
non-epileptic events (n = 73) were behavioural abnormalities in
42% of cases, psychogenic seizures in 17% of cases, normal
movements in 12% of cases (e.g. myoclonus during sleep), and tics
in 6% of cases.
Sixty-four percentage of patients had had previously three (or
more) awake-routine EEG and 47% had had three (or more) sleep-
routine EEG recordings. These EEG recordings failed to capture the
paroxysmal events. During these recordings, mostly focal or
generalized interictal spikes and spikes andwaves were frequently
noted (42%).
Different durations of recording were used for the v-EEG. Six
recordings were performed during 12 h, 157 recordings performed
24 h, 205 recordings performed 48 h and 12 recordings were
performed during more than 48 h.
3.1. Factors modifying the event-detection rate
We founded a relationship between the usual frequency of the
paroxysmal event and the rate of recording: more often occurred
the paroxysmal events, more frequent vEEG recorded them
(p < 0.05; chi-square test). When paroxysmal events were daily,
v-EEG recorded them in 80% of patients against 20% when they
were monthly (Fig. 1).
Among our recordings, the detection rate was not different
according to the duration of the recording (24 h, 48 h or more than
48 h) (Table 2). In our setting (mostly 24 h and 48 h recordings),
longer v-EEG duration did not allow us to increase event detection
rate when frequency of event were at least weekly (Table 3).
Table 2
Detection of the usual event according to the duration of the video-EEGmonitoring.
No paroxysmal event were recordings performed to evaluate interictal activities
(e.g. ESESS).
Recording
duration
Recording of the usual event Total
Yes No Other
events
No paroxysmal
event
12h 4 2 0 0 6
24h 100 49 1 7 157
48h 108 87 5 5 205
>48h 6 6 0 0 12
A. Riquet et al. / Seizure 20 (2011) 18–2220One hundred and sixty-one children presented with epileptic
seizures. The mean age of onset of seizures was 4.2-year-old. One
hundred and fourteen patients (70%) experienced a gradual
decrease or a withdrawal of their antiepileptic drugs (AED) before
the v-EEG. The detection rate was not different between the
patients with a withdrawal of AED compare to those without any
modiﬁcation of the AED. A treatment withdrawal 5 days prior to
the recording was associated with a trends to a higher detection
rate in the patients with a paroxysmal events that occurred less
than once a week (p = 0.076; Fisher-exact Test). Two patients that
had AEDwithdrawal started a status epilepticus linked to this drug
modiﬁcation.
3.2. Utility of the video-EEG recording
The v-EEG monitoring conﬁrmed epileptic events in 43% of
patients but excluded the diagnosis of epilepsy in 25% of them.
Four % of the procedure permitted to conclude to non-epileptic
events in patients with established epilepsy. Nine percentage
remained without diagnosis after v-EEG.
In children with epilepsy, treatments have beenmodiﬁed in 2/3
of them following the v-EEG monitoring. These changes consisted
of a modiﬁcation of AED (46%), a withdrawn of AED (8%), an
epilepsy surgery including vagal nerve stimulation (13%) or
referral to psychiatric department (9%). When the management
was not changed, it was mostly in patients without any drugs.
The v-EEG were done to distinguish epileptic versus non-
epileptic events (n = 158), to identify seizure types or epilepsy
syndrome (n = 96), to investigate refractory epilepsy (n = 65) and
to perform a presurgical investigation (n = 61).
In case of the v-EEG was requested to differentiate epileptic
from non-epileptic events (n = 158), 77% (121/158) had no
diagnosis before the procedure. A diagnosis could be established
in 82% of cases (130/158) by the recording of the event (47% of
monitoring were successful in capturing events) or using the data
of the recording, the clinical data and the previous investigations
(35% of cases). A doubt about the nature of the event persisted in
18% (n = 29) of cases.
In case of the v-EEG was requested to analyze the type of
epilepsy (n = 96), seizures were recorded in 55 patients and a new
syndrome was deﬁned in 30% of patients. The description and the
origin of the seizure were also better identiﬁed in 30% of theTable 3
Detection rate of the usual event according to the duration of the recording and the
usual frequency of the observed events.
Duration of
the video-EEG
monitoring
Usual frequency of the observed events
>1/day 1/week <1/week <1/month
24h 88% (73/83) 50% (19/38) 40% (4/10) 25% (1/4)
48h 75% (64/85) 40% (25/63) 36% (8/22) 20% (3/16)patients. Eighteen patients were referred to investigate a possible
Electrical Status Epilepticus in Slow Sleep (ESESS). This diagnosis
was conﬁrmed in 7 of them.
The v-EEG was requested because of refractory epilepsy in 65
patients. In these patients, neurological examination was abnor-
mal in 75% and neuropsychological assessment was disturbed in
85%. The rate of event capture was 83%. The diagnosis was changed
in 52 patients (80% of total patients). The v-EEG was inconclusive
for only 6 patients.
Among the 61 patients investigated for epilepsy surgery by the
v-EEG 28 had epilepsy surgery and the use of VNS was decided in
13 patients (Lennox–Gastaut syndrome, multifocal epilepsy in
tuberous sclerosis and pharmacoresistant absence epilepsy).
Finally, the presurgical evaluations resulted in a decision in 69%
of the patients.
4. Discussion
This retrospective study of 320 patients that underwent v-EEG
shows the utility of this procedure and reveals some factors that
inﬂuence the event detection rate. The information from the
present study may improve the use of v-EEG in children. It would
be also useful both for the physician and for the child’s parent or
guardian in that it provides what can be expected from video-EEG
monitoring.
4.1. Detection of the paroxysmal events
The detection rate in our study was 59% while the length of the
monitoring was 24 h in 150 patients and 48 h in 200 patients. Our
results appeared similar to the study published by Asano et al. The
mean length of monitoring was 1.5 days and they had a detection
rate at 53%.4 We had similar practice to this group regarding the
length of the v-EEG. The duration was usually restricted to 48 h
because a 1-week registration as commonly performed in adults is
less comfortable for children. However, a 5-day-recording period
was sometimes used for presurgical evaluation. In another study,
the success rate of capturing habitual events was 82% in 60
children undergoing a 24-h monitoring and 88% in 50 children
with a >24 h monitoring.5 Their results may be explained by the
frequency of the events in their patients. They reported that 183 of
the 230 (79%) involved in their study had at least one event per day
while the patients with daily event represented 46% (175/320) of
our study (Table 1). Our data, as well as those from Asano et al., did
not support the proposal of Chen et al. to performed v-EEG on a
daytime basis (8 h). This limitation of the length of v-EEG was also
proposed by others.13–15 This short duration of recording should
not be excluded. It may helpful to distinguish epileptic versus non-
epileptic events when they occur daily.
In our study, 25% of the seizures were recorded during sleep.
The relationship between sleep and epilepsy has been already
established.16 For instance, the EEG recording during the sleep was
frequently required to determine the epilepsy syndrome.15 As
recommended by the European Commission of the ILAE, sleep
recordings could ‘‘increase the accuracy of the diagnoses of
epilepsy and should be performed when the standard EEG fails to
show any epileptiform activity and the level of clinical suspicion
justiﬁes this investigation’’.17 According to the literature and our
data, we suggest the use of a 24- or 48-h recording when the aim is
to determine the epilepsy syndrome or to explore intractable
epilepsy. A 24-h recording and a neuropsychological evaluation are
required when the diagnosis of ESESS is suspected.
Several factors have been suggested to modify the rate of
recording of the usual paroxysmal event: usual frequency of the
event, duration of the recording andwithdrawn of the antiepileptic
drug. Among these factors, we found only one that was linked to a
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if they occurred daily. The usual frequency of the event was also
reported by others to be the sole factor in determining the success
rate of monitoring.5 In adult patients, no correlation has been
reported between self-reported seizure frequency and time to ﬁrst
recorded seizure during v-EEG monitoring.18 This difference
between children and adults may be related to the fact that
seizures are recorded by caregivers in pediatric patients while it is
established that a high percentage of seizure are not recognized by
the patients in adults.19 We did not observe any differences in the
capture rate between the patients that were recorded 48 h
compare to those who had a 24-h recording. We are not able to
conclude on the role of the duration longer than 48-h with our
data. Asano et al.4 showed a moderate increase of successful
recording when the duration of the monitoring was increase from
24 to 48 and 72 hwhile Chen et al.5 observed nomodiﬁcation in the
rate of recording between a 8- and 24-h recording.
Successful v-EEG requires a balance between seizure-associat-
ed risk and the need to gain diagnostic information in a timely
fashion. Procedures to increase the likelihood of recording seizures,
such as sleep deprivation and medication withdrawal, are known
to increase the risk of seizure clusters, prolonged seizures, and
status epilepticus.11,12,20,21
However, AED withdrawal could be useful since it affects
seizure propagation instead of seizure pacemaker.22 The
withdrawal of AED did not change the detection rate in our
patients. About one third of our patients had had an AED
withdrawal before the start of the recording. The rate of
recording was not different in the patients with or without the
drug withdrawal. This ﬁnding is consistent with the pediatric
study by Chen et al.5 in whom 18 patients of 151 had their AED
discontinuated. They reported a similar detection rate in the
treated patients (89%) than in the non-treated patients (85%). The
duration of the monitoring and the frequency of the usual event
were excluded as confounding factors. A number of studies in
adult patients have demonstrated that acute withdrawal of
antiepileptic drugs increases the incidence of seizures.10,11 Our
study showed no effect of treatment deprivation whatever the
frequency of the event. However, most of our patients have had a
drug withdrawal 48 h before the v-EEG. This short period may
explain the lack of efﬁcacy of treatment deprivation. We found a
trend in the increase of event detection when the withdrawn of
AED started more than 5 days prior the monitoring. Finally, it
should be kept in mind that the modiﬁcation of the treatment
may result in status epilepticus.10,11 Unfortunately, 2 patients in
our study have developed a status epilepticus secondary to
treatment deprivation. This rate of status epilepticus seems
comparable to the adult studies.10,11 Some risks of the AED
withdrawal are speciﬁc to the adult patients. We did not observe
any trauma or postictal psychosis in our patients. The previous
pediatric studies did not report such side effects.4,5 Postictal
psychosis has been described in 6% of patients undergoing v-EEG
monitoring.23 Potential risk factors unique to the v-EEG
monitoring setting may include increased seizure frequency
and clustering, increased seizure generalization, and the psychi-
atric adverse effects of antiepileptic drug withdrawal.24 Serious
orthopedic injuries can result from falls or as a result of intense
muscle contraction during seizures. Few data are available in
adult patients while the pediatric studies did not report such
consequences.4,5 In adult patients, DeToledo et al. reported the
occurrence of orthopedic injuries during v-EEG focusing on
shoulder dislocations, which were observed in 5 of 806
patients.25,26 Noe and Drazkowski reported vertebral compres-
sion fracture, which occurred in 4 patients (11%) with a recorded
GTC seizure.25 A study on the beneﬁc-risk ratio of AED
withdrawal during v-EEG in children is needed.4.2. Utility of long video-EEG monitoring
The utility of the v-EEG is established in case of a presurgical
evaluation.3 This procedure is the ﬁrst step of the surgical
evaluation since the ictal ﬁndings help to conﬁrm that the patient
suffers from epileptic seizures and, in many cases, suggest the
hemisphere or lobe of origin. In our study, the v-EEGwas helpful to
propose a surgical management (including VNS) in 13%.
Despite three (or more) standard EEG recordings were
performed before the long-term v-EEG, this procedure was helpful
for both the diagnosis and the management of children with
epilepsy or paroxysmal events. We were able to exclude the
diagnosis of epilepsy in 25% and to conﬁrm or diagnose an epileptic
disorder in 43% of patients. The v-EEG permits to deﬁne a new
syndrome in 30% of patients. The description and the origin of the
seizure were also better identiﬁed in 30% of the patients. Only 9%
remainedwithout diagnosis after v-EEG. The treatments have been
modiﬁed in 2/3 of patients after the v-EEG. These changes
consisted of a modiﬁcation of AED in 46%, a withdrawn of AED
in 8%, an epilepsy surgery in 5%, vagal nerve stimulation in 5% or a
psychiatric treatment in 9%.
In our study, 77% (n = 121) had no diagnosis before the
procedure while a diagnosis could be established in 82% of cases
after the recording. In adult patients, the diagnostic utility of the v-
EEG has been also demonstrated. The diagnosis can be established
in 76–88% of patients or the diagnosis and/or the treatment can be
modiﬁed in up to 79% of patients.27 The utility of this procedure has
been also highlighted in the pediatric patients. In a report of 1000
children with suspected seizure disorders, a total of 219 studies
revealed that the habitual events were non-epileptic. A total of 315
studies resulted in successful classiﬁcation of epilepsy and each
patient was assigned a diagnosis according to the ILAE classiﬁca-
tion.2 In the study by Chen et al. (1995), 60/68 (88%) of the patients
referred to determine the seizure had a diagnosis precision. In their
study, the results of v-EEG led to an alteration of treatment in 86
patients (45%) including a change of antiepileptic drugs in 59
patients, initiation of treatment in 15 patients, and termination of
antiepileptic drug therapy in 12 patients. The majority of changes
in antiepileptic drug therapy were made because of a more precise
deﬁnition of seizure type (56 of 59 patients). Our results seem
quite similar to the previous pediatric studies. We found that non-
epileptic events represented 25% of the usual events as compare to
15–22% in the v-EEG studies in children.4,28 Previous studies had
shown difﬁculties to classify the epileptic children into a speciﬁc
epilepsy syndrome according to the ILAE classiﬁcation with a
classiﬁcation rate of 21–50%.4,29 We observed a classiﬁcation rate
of 75%. This discrepancy can be partially attributed to the
differences in the studied population and in the duration of the
v-EEG. Only 45% of patients reported by Kellinghaus et al. have had
a prolonged v-EEG.29
In conclusion, v-EEG in children is useful even if several routine
EEG have been performed. This procedure may help to determine
the nature of paroxysmal disorders and to manage epilepsy in
children. This procedure can be used in a cost-effective way in
children with daily events. A prospective, randomized study is
required to examine whether the increase of monitoring duration
or withdrawal of AED can enhance the rate of recording in children
in a safe way.
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